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FOREWORD 


This  report  is  one  of  four  Technical  Notes  issued  under  contract 
£F’30( 602) -2528  entitled  Long  Range  Communications  Interference  Study.  Each 
Technical  Note  is  self-contained  and  its  contents  are  of  a  sufficiently 
specialized  xiature  to  permit  independent  circulation.  A  Final  Report  draws 
upon  the  results  reported  in  the  Technical  Notes,  interrelates  the  material, 
and  states  conclusions  and  recommendations. 

This  study  was  sponsored  Ly  Rome  Air  Development  Center,  Air  Force 
Systems  Command,  Electromagnetic  Vulnerability  Laboratory.  The  research 
wor'K  and  administration  was  under  the  direction  of  Sampson  Seideman,  Task 
Engineer . 
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ABSTRACT 


A  theoretical  and  experimental  investigation  of  the  electromagnetic  field 
in  the  Fresnel  Region  of  a  Cassegrain  antenna  was  conducted.  Good  agreement  of 
experiment  and  theory  was  obtained  near  the  beam  axis.  The  most  significant 
off-axis  radiation  was  found  to  be  due  to  forward  spillover  from  the  sub- 
reflector.  The  magnitude  of  mutual  coupling  of  two  Cassegrain  antennas  through 
this  forward  spillover  as  a  function  of  separation  distance  is ' estimated,  and 
methods  of  reducing  the  spillover  are  recommended. 
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Section  1.  INTRODUCTION 


One  of  the  most  serious  interference  problems  associated  with  the  proposed 
global  passive  satellite  communications  system  concerns  the  juxtaposition  of  a 
number  of  large  aperture  microwave  antennas,  each  radiating  extremely-high 
average  power,  and  operating  simultaneously  in  transmitting  and  receiving  modes 
at  each  ground  terminal  site.  The  exact  number  of  these  antennas  to  be  used  at 
any  given  site  is  not  presently  known,  but  60-foot  dishes  radiating  50  kw  of 
average  power  in  the  7*0  -  7*7  kmcps  band  have  been  proposed, (l) 

GE  has  considered  the  problem  of  proper  isolation  of  transmitter  and 
receiver  at  the  same  antenna.  It  is,  however,  conceivable  that  transmitter 
power  radiating  from  one  antenna  could  interfere  with  a  signal  received  at 
another  antenna  at  the  same  site.  Even  though  the  number  of  antennas  at  a 
given  site  is  not  known,  the  mutual  interference  problem  can  be  resolved  by 
considering  all  the  combinations  of  antennas,  taken  two  at  a  time.  It  Is  this 
problem  of  coupling  between  two  antennas  which  is  analyzed  in  this  Technical  Note. 

In  any  analysis  of  "on  site"  mutual  interference  between  high-gain 
antennas,  knowledge  of  the  behavior  of  the  electromagnetic  field  in  the  "Near 
Zone"  and  "Fresnel  Region"  is  of  primary  importance.  The  boundary  between  the 
"near"  or  reactive  component  of  the  field  and  the  radiating  component  or 
"optical  Fresnel  Region"  has  not  been  clearly  established  in  the  literature; 
however,  the  estimate  of  Kay(fl)  and  Hu(3)  that  the  reactive  boundary  extends 
several  aperture  diameters  appears  most  acceptable  for  large  antennas  operating 
at  small  wavelengths. 

The  Fresnel  Region  field  distribution  for  circular  apertures  has  been 
evaluated  by  Hanr.“n(*0  and  Hu(3)  in  terms  of  Lommel  functions.  Normalized 
field  distribution  curves  for  both  amplitude  and  phase  have  been  computed  by 
Hu(3)  for  various  aperture  il .Luminal  Lons  to  a  distance  from  the  aperture  where 
the  "on  axis"  power  density  is  a  maximum.  Hu(3)  has  also  derived  power  transfer 
formulae  expressed  in  terms  of  these  field  distributions. 
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This  report  describes  a  theoretical  and  experimental  investigation  of 
the  electromagnetic  field  in  the  Fresnel  Region  of  a  Cassegrain  antenna  having 
structural  and  operating  characteristics  modeled  to  correspond  with  those 
proposed  for  the  antennas  to  be  used  in  the  satellite  communication  system. 

In  the  experimental  program,  power  patterns  were  taken  at  various 
distances  in  the  Fresnel  Region  and  Near  Zone  of  a  scale  model  Cassegrain 
antenna.  The  theoretical  investigation  compares  the  expressions  derived  by  Hu  and 
others  with  the  experimental  data,  and  presents  an  interpretation  of  the  results 
as  a  tool  for  the  prediction  of  actual  patterns.  The  limitations  of  the  proposed 
antenna  system  with  respect  to  on-site  interference  are  evaluated,  and  methods 
for  reducing  these  defects  are  presented. 


2. 


Section  2. 


DESCRIPTION  OF  MEASUREMENTS 


A  Cassegrain  antenna  system  was  developed  using  a  parabolic  dish  10  feet 
in  diameter  as  a  primary  reflector,  and  a  hyperboloid  22  inches  in  diameter  made 
of  molded  fiberglass  coated  with  reflecting  paint  was  used  as  a  subreflector. 

An  optimum  gain  pyramidal  horn  designed  to  produce  a  10  db  taper  for  both 
E  and  H  planes  in  conjunction  with  the  subreflector  at  the  scale  frequency  was 
used  as  the  primary  feed.  The  complete  assembly  is  shown  in  Figures  1  and  2. 

The  proposed  antenna  system  describes  a  60-foot  parabolic  dish  as  a  main 
reflector  operating  at  a  frequency  of  7000  me.  A  scale  reduction  of  6  to  1  for 
a  10-foot  dish  would  require  a  frequency  of  42, 000  me.  Unfortunately,  klystrons 
operating  at  this  frequency  were  found  to  have  insufficient  power  to  perform 
the  desired  measurements;  therefore  a  5789  Sylvania  magnetron  having  a  peak 
output  of  50,000  watts  at  35 » 000  me  with  a  repetition  rate  of  1000  pps, 
and  a  pulse  duration  of  0.25  microseconds  was  used.  The  antenna  model  therefore 
represents  a  50-foot  dish  operating  at  7,000  me  for  a  scale  reduction  of  5  to  1, 
or  a  60-foot  dish  operating  at  5 « 883  me  for  a  scale  reduction  of  6  to  1.  This 
limitation  is  not  severe  since  consideration  of  the  magnitude  of  the  parameters 
show  that  the  resulting  amplitude  distributions  would  differ  only  slightly. 

The  orientation  of  the  apparatus  used  in  the  measurements  is  shown  in 
Figure  3*  A  24.6  db  rectangular  standard  gain  horn  mounted  on  a  movable  platform, 
was  used  as  the  field  probe.  The  signal  from  the  field  probe  was  detected  with  a 
type  6l8  Bolometer  detector  mount,  frequency  range  18,000  me  to  40,000  me,  waveguide 
mounted  to  the  primary  feed  horn  of  the  Cassegrain  antenna.  The  detected  signal 
was  then  fed  to  an  Antlab  rectangular  pattern  recorder,  having  a  dynamic  range  of 
40  db.  Patterns  of  12°,  60°,  and  360°  were  taken  in  both  azimuth  and  elevation 
for  vertical  linear  polarization  at  distances  of  26.2,  52.4,  ^ky  104.8  and  496 
feet.  These  distances  were  selected  to  correspond  to  normalized  functions  of 
w  of  68  TTy  33^”,  17  1/^and  3. 6  Irrespectively  where  w  =  2lTa^/^R, 

a  =  radius  of  the  aperture,  A  =  wave  length,  and  R  the  distance  from  the  dish. 

With  a  scale  factor  of  5  to  1  these  distances  correspond  to  131,  262,  270,  524 
and  2480  feet  respectively  for  the  full-scale  antenna  system  being  modeled. 
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Figure  2.  Side  View  Detail  of  Cassegrain  Antenna  System 
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A1090.02-2 
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Figure  3.  Field  Setup  for  Taking  Measurements 


Section  3.  EXPERIMENTAL  RESULTS 


The  360°  patterns  showed  no  lobes  past  30°  indicating  that  any  back 
radiation  is  less  than  the  sensitivity  of  the  receiver.  (-40  db  from  the 
main  lobe).  Figures  4  through  8^and  9  through  13  are  the  12°  and  60°  azimuth 
patterns  respectively  taken  at  increasing  distances  from  the  antenna  assembly. 
They  show  that  the  main  lobe  tends  to  become  narrow  as  the  distance  decreases  -- 
with  a  bifurcation  appearing  in  the  beam  whenever  w  is  an  odd  multiple  of 
7T  —  until  the  Near  Zone  is  reached.  In  the  Near  Zone  the  main  lobe  again 
widens  but,  instead  of  splitting,  appears  to  peak  on  axis. 

Of  considerable  interest  are  the  sidelobes  appearing  at  approximately  17° 
on  either  side  of  the  main  lobe,  varying  approximately  1 6  db  to  2 6  db  down  from 
the  main  lobes  depending  on  distance.  They  are  caused  by  forward  spillover 
of  the  primary  feed  around  the  hyperboloidal  subdish. 
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Figure  5.  w  =  347 r  ,  12°  Azimuth  Pattern 
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Section  k.  THEORETICAL  INVESTIGATION 


The  amplitude  distribution  and  power  pattern  of  a  circular  aperture  having 
the  dimensions,  aperture  illumination  taper,  and  operating  frequency  of  the  test 
antenna  were  calculated  using  an  "off-axis"  field  expression  for  the  Fresnel 
Region  derived  in  terms  of  the  Fresnel  integral  and  Lommel’s  functions  of  two 
variables.  The  solution  for  an  aperture  illumination  taper  of  10  db  using  the 
form  (l  where  n  =  1,  is  that  described  by  Hu.  (3)  The  "on-axis "  field 

was  derived  in  a  similar  manner  using  Lommel’s  functions  for  a  single  variable 


b.l  THE  FRESNEL  INTEGRAL  OF  THE  DIFFRACTION  FIELD  "OFF  AXIS" 

The  diffraction  integral  for  the  optical  Fresnel  region  of  a  circular 
aperture  has  been  defined  by  Silver, (h) 

2ir  & 

£=  J/2AR  J  J  F (p,p)e  Z  (cosO+  i  •  s)  pdp 

o  o 


11) 


where  ^  and  ^are  in  terms  of  polar  coordinates,  (i  •  s)  represents  non-uniform 
phase  distribution  over  the  aperture,  F( ^ ,  £3)  represents  the  amplitude  distribu¬ 
tion.  The  r^  term  retains  only  the  linear  and  quadratic  terms  (in^/R)  in  the 
binominal  expansion  of  the  phase  1  ictor. 
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=  R  -  ^  sin  -0*  cos  (6  -  p)  +  ^2/2r|  1  -  sin2^cos2(5  -  (9)| 
rz  ”  R  “  P  sin  -©■  sin  ^  +  p2/  2R  cos^-0* 


Then 


For  uniform  phase  and  amplitude  distribution  across  the  aperture  equation  { 1 ) 
may  be  defined  as 
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Where  Jq  )  is  the  Bessel  function  of  order  zero. 

The  integral  in  equation  (5)  may  be  expressed  as  a  pair  of  Lommel  functions  of 
two  variables. 
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where 


v  =  1, 
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Equation  (5)  then  becomes 
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For  non-uniform  amplitude  illumination  of  the  aperture  having  a  10  dh  taper 
equation  (5)  has  the  form  when  ■©■  is  small, 
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Then  for  an  amplitude  illumination  taper  of  10  db,  equation  (2)  becomes 
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4.2  THE  FRESNEL  INTEGRAL  OF  THE  DIFFRACTION  FIELD  "ON  AXIS" 

For  the  diffraction  field  on  the  axis,  -0-  =  0  and  equation  (3)  reduces  to 
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The  integral  in  equation  ( L3 )  may  be  expressed  as  a  pair  of  LommeL  functions  of 
one  variable 
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where  v  =  1,  w  = 
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Equation  ( 13 )  then  becomes 
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For  non-uniform  amplitude  illumination  of  the  aperture  having  a  1.0  db  taper 
equation  (13)  becomes 
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Then  for  an  amplitude  illumination  taper  of  10  db,  equation  (2)  becomes 
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Section  5.  COMPARISON  OF  THEORETICAL  AND  EXPERIMENTAL  PATTERNS 


In  computing  the  theoretical  power  patterns,  the  "off-axis"  field 
expressions  were  normalized  with  respect  to  the  "on-axis"  expression  for  a 
given  distance  and  then  transformed  logarithmically  by  20  log  E^/Eq^  to 


correspond  dimensionally  with  the  experimental  data.  Hu(3)  has  plotted  field 
distributions  up  to  a  distance  where  w  =  2^  the  point  of  maximum  power 
density  on  axis,  for  a  circular  aperture  using  dimensions  and  wavelength  such 
that  the  curves  plotted  extend  no  further  off  axis  than  the  point yU  =  12 
where =  (27 T/A)  a  sin  In  doing  so  he  expands  the  Lommel  function,  which 
may  be  expressed  as  a  power  series,  to  six  terms  and  then  differentiates  the 
series  term-by-term  to  obtain  the  expression  for  a  10  db  taper,  in  the 
following  manner. 
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The  on-axis"  expression  of  Lomrnel  functions  of  one  variable  when 
expanded  as  a  power  series  is  recognized  as  being  trigonometric  in  form 
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The  expansion  of  the  Lomrnel  function  to  six  terms  as  employed  by  Hu 
in  the  "off-axis"  expression,  while  an  excellent  approximation  at  distances 
from  the  1CM  aperature  where  a>  5  2rt,  would  r.ot  be  adequate  for  distances 
close  to  the  same  aperture  where  the  magnitude  of  oi  is  as  large  as  described 
in  the  experimental  work  of  this  paper.  Thus  for  values  of  o>  large  with 
respect  to  p,  an  asymptotic  expansion  of  the  form 
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would  be  more  appropriate  for  the  same  number  of  terms . '' l+  ^ 

Fortunately,  however,  (with  respect  to  ease  of  numerical  analysis) 
the  major  portion  of  the  field  in  the  experimental  patterns  of  this  paper  ex¬ 
tend  only  several  degrees  from  the  beam  axis.  Yet  the  large  aperture  (350 A) 
employed  causes  the  magnitude  of  p.  to  become  exceedingly  large  within  the 
range  of  analysis.  Thus,  at  a  point  less  than  1/2  degree  off  axis  the  ratio 
of  a>  to  u  is  such  that  the  expression  for  1.0  may  be  approximated  using 
only  a  few  terms  of  the  Neumann  type  series  and  as  the  magnitude  of <0 
decreases  the  field  may  be  determined  more  closely  to  the  axis. 
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Section  6 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  use  of  Lommel.  functions  in  evaluating  the  Fresnel  Region  field 
distribution  near  a  circular  aperture  is  an  excellent  approach  if  care  is 
exercised  In  selecting  the  number  of  terms  used  in  the  series  expansion,  and 
the  field  distribution  of  any  Cassegrain  antenna  having  an  aperture  diameter  of 
350  7l  maY  he  predicted  using  the  number  of  terms  shown  in  the  figures  referenced 
above  for  normalized  distances  of  w  =  33  7T;  lh  77“ and  17  TT.  Further  experi¬ 
mental  investigation  oi  the  number  of  terms  needed  for  various  aperture 
diameters  and  distances  should  yield  a  genera]  mathematical  model  for  predic¬ 
tion  of  Fresnel  Region  distributions  The  principal  defects  of  the  Cassegrain 
antenna  in  the  Near  fieLd  and  FresneL  Region,  with  respect  to  interference,  are 
poor  forward  spil  Lover  properties  and  broadening  of  the  main  lobe  by  as  much 
as  20  times  the  far  field  3  db  beamwidt.h  of  .0  1.66°)  Of  the  two,  the  forward 
spillover  is  probably  the  more  serious  for  it  not.  only  increases  the  probability 
of  on-site  mutual  interference  but  also  the  antenna  noise  temperature^ and 
decreases  the  aperture  efficiency  The  pattern  created  by  the  forward  spillover 
is  dependent  on  the  aperture  dimensions  of  the  primary  feed  and  the  blocking 
subdish^and  may  therefore  be  considered  as  essentially  a  far  field  pattern. 

By  estimating  the  antenna  gain  in  the  direction  of  the  forward  spillover 
from  experimental  patterns  and  using  the  Frits  transmission  formula  where 
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the  mutual  coupling  between  two  identical  Cassegrain  antennas  facing  each  other 
17°  off  axis  may  be  easily  predicted 
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It  has  been  suggested  by  Professor  0„  Mu  Salat i,  that  the  edges  of  the 
subreflector  in  a  two-reflector  system  be  modified  to  reduce  the  forward  spill¬ 
over  by  use  of  absorbing  material,  serrating  the  edges^or  some  other  method  of 
disrupting  the  edge  currents  A  method  which  met  with  considerable  success  for 
a  large  Cassegrain  system  has  been  described  by  P*  D-  Potter(6)  where,  using  a 
conical  extension  flange  having  a  diameter  of  l4  inches  and  flange  angle  of 
l8„ 4°  at  the  outer  edge  of  a  hyper bo loidal  sub reflector  having  a  diameter  of 
9,6  inches  and  a  half  aperture  angle  of  60°,  spillover  was  reduced  by  a  factor 
of  2. 

Investigation  of  the  forward  spillover  properties  of  various  types  of 
two-reflector  systems  wouLd  appear  to  be  worthwhile  For  example,  the 
Schwarzchild  system,  which  differs  from  the  Cassegrain  in  that  it  employs  a 
subdish  which  has  a  transcendental  curve  as  opposed  to  a  conic  section  such 
as  a  hyperbola,  has  been  indicated  by  White  and  Desize(T)  to  have,  theoretically, 
better  off-axis  beam  characteristics  than  the  Cassegrain  with  reduced  primary 
coma  effects  and  the  capability  of  producing  extremely  narrow  beams  of  moderate 
scan  angles, 

W hen  the  antenna  design  parameters,  placement  and  tracking  configurations 
of  the  proposed  system  become  more  definite,  the  use  of  scale  modeling  as  a  tool 
for  specific  predictions  of  on-site  susceptibility  to  interference  is  highly 
recommended*  In  considering  the  interference  problem  as  concerned  with  propaga¬ 
tion  in  general,  it  is  apparent  that  scale  modeling  is  an  inexpensive  method 
for  verifying  and  determining  the  appropriateness  of  various  theoretical 
mathematical  models. 
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